Abstract-Crowdsourcing, as one of the most promising techniques for distributed problem-solving, requires sustained human involvement. Therefore, it also brings new challenges to data management, fundamentally data input and its quality. In this paper, we looked at various forms of user motivations and quality control of crowdsourcing when building accessibility maps mobile applications. We discuss how motivations could be used to contribute to our accessibility maps scenarios, and how data can be improved for two types of participants: individual participants and organization participants. We identified three useful techniques for improving data quality: qualification-based, reputation-based, and aggregation-based. In addition, based on our own mobile application (named WEMAP), we evaluated our approaches through focus group discussions and in-depth interviews.
I. INTRODUCTION
Accessibility-related mobile applications have become important and useful tools with which to help people with disabilities plan their travels. Maps-based accessibility solutions provide information about the available facilities of nearby urban infrastructures, and about transitory obstacles in the built environment. In fact, the demand for accessible map services is quite high. According to the UN Convention on Rights of Persons with Disabilities in 2007 [1] , at least 650 million people live with disabilities worldwide, and disabilities affect 15-20% of every country's population on average. As for the European Union, it is estimated that there are 80 million disabled people, which means that at least one in four Europeans has a family member with a disability. And in Switzerland which had a population of 8.02 million in 2012, the number of people with disabilities has reached to 780,000 in 2012 [2] .
Research has showed that one of the key reasons why disabled people do not frequently take vacations, for example, is that they often cannot travel on their own. They must take their families into consideration when deciding whether or not to go on vacation. However, the more assistance they need, the less the vacation would be family-oriented and contrarily, infrastructure-oriented. Thus, they need detailed and specific information in order to make a travel plan. Information is sometimes available online, however, in many cases, information is separated and sometimes inaccurate. Therefore, a high quality map service that gathers information about wheelchair accessibility is a real need.
One of the most popular contemporary techniques for spatial data collection, consumption, and evaluation, is crowdsourcing. This technique allows users to contribute wherever and whenever through the mobile devices, such as smart phones, smart watches, and tablets, and is already widely used in the domain of accessibility mapping [3] - [5] . Crowdsourcing has become a popular and successful techniques in the digital age, this mode of sourcing divided work between participants to achieve a cumulative result, which raises new possibilities. However, motivating user participation and ensuring the quality of crowdsourcing have become important challenges that we now face. These are also the most frequently asked questions during the progress of crowdsourcing work.
From a participants perspective, crowdsourcing can provide them with opportunities to increase exposure and working experiences, sharpen their creative skills, and improve perceived self-efficacy, as well as strengthen a sense of community [6] . In essence, crowdsourcing is defined as any sort of outsourcing that involves a large group of people actively participating in the project. The main subject of crowdsourcing is to collect the intelligences from a large number of participants. Therefore, coming to a better understanding of what motivates the crowd to participate in crowdsourcing competitions is of the greatest importance. [7] presented four key questions in a conceptual framework in order to identify fundamental dimensions and their relationships with crowdsourcing: 1) who is performing the task? 2) why are they doing it? 3) how is the task performed? 4) and what about the ownerships and what is being accomplished? These questions address the description of the performer of the task, the motivation of the participants and the incentives, and the approaches of the competition. We believe that another important dimension to be considered when exploring crowdsourcing is how motivational factors influence the quality of the outcomes.
Indeed, unclear crowdsourcing tasks with insufficient information and participants inattention can lead to participants providing low-quality contributions from the crowd [8] . The quality can get even worse in terms of creating accessibility maps applications for people with disabilities, because in this domain, details are often overlooked by the participants. For instance, many of us take several steps up and down curbs, or in and out of buildings, without even a second thought. However, for people who rely on wheelchairs to get around, even small steps can be considered as big travel difficulties and can cause huge problems. Addressing these issues requires fundamentally understanding the factors that impact quality, as well as quality-control approaches being used in crowdsourcing systems.
Therefore, in this study, we present technical approaches in order to explain how to motivate participation and to improve the quality of crowdsourcing when building accessibility maps mobile applications. We employed both focus group and individual interviews to evaluate the mobile application and to discuss our preliminary research results. This paper is organized as follows: section 2 presents the background and related works, as well as business motivations. In section 3, we explain our approaches for motivating the participation of crowdsourcing and improving the quality of contribution. We report our preliminary results and evaluations in section 4. Finally, we conclude with a summary of the current work, and we present suggestions for future research.
II. BACKGROUND AND RELATED WORK
In this section, we first explore related works about motivation methodologies in the participation of crowdsourcing accessibility maps in the area of transportation for people with disabilities. Then we compare the existing technical solutions for quality control from crowdsourcing information.
A. Motivations in crowdsourcing accessibility maps
Motivation refers to the reasons that underlie behavior, which is characterized by willingness and volition [9] . It can be classified into two main types based on motivation orientation: intrinsic and extrinsic motivations. Intrinsic motivation remains an important construct, reflecting the natural human propensity to learn and assimilate. Intrinsic motivation can be regarded as the inherent satisfaction and enjoyment derived from an activity.
An experiment conducted by [10] showed that the factors of psychological empowerment could increase the intrinsic motivation to get work done more efficiently, including perceived self-efficacy [11] , sense of community [12] , and causal importance [13] . Authors found that understanding the social dynamics, increasing self-efficacy, and the participation of social work is crucial for the improvement of crowdsourcing in terms of crowd-mapping inaccessibility. Some research focused on crowdsourcing applied game theory, namely gamification [14] - [16] , in order to map urban accessibility barriers and facilities. This method makes the task more engaging and interesting, and it may increase the level of motivation of its participants. In study [17] found that an important factor necessary to increase the intrinsic motivation is to frame a task as helping others. This finding is also validated by other studies. For instance, some applications focus on collecting information about the accessibility of points of interest [3] , [5] , and other applications aim to provide accessible paths [18] , [19] .
Another way in which to motivate users participation in accessibility crowdsourcing is through external motivation, which refers to the factors that bring value in return besides the task itself [20] , [21] . For instance, prizes, monetary benefits, praise and recognition, and so on are considered to be extrinsic motivational factors. For example, Mechanical Turk is a paid service from Amazon which allows participants to contribute their work through an online crowdsourcing system [22] . There have been attempts to use Amazons Mechanical Turk platform to help collect data and to improve accessibility for the visually impaired. Another example from [23] describes the hiring of 123 distinct participants with monetary rewards to identify and rank sidewalk accessibility issues from a manually curated database of Google Street View images. In another study [24] , user participation was incentivized with monetary prizes in order to establish a map for identifying and reporting the locations of places where cardiac patients can receive help, such as urgent care facilities.
These solutions could help to identify the factors of motivation in crowdsourcing accessibility. However, the lack of consideration of the different types and personal characteristics of participants could result in bias in the research results.
B. Quality control in crowdsourcing accessibility systems
When creating accessibility maps, some issues about the quality of collected information arise due to the inaccuracy of mobile sensors and the credibility of the users involved in the data gathering. Although any instance of crowdsourced data may be unreliable, various efforts have proposed models and techniques to quantitatively and objectively assess quality along different dimensions of an accessibility system, such as reliability, accuracy, relevancy, completeness, and consistency [25] . [26] proposed the report trustworthiness as a result of the type of source and its quality in terms of reliability. Differing from the common rating systems by expressing a value in a pre-fixed range, their trustworthiness assessment combined the accuracy of sensors, the source credibility of the crowd, and the authority of experts. [27] examined the effect of two quality control mechanisms on performance for accessibility problems: statistical filtering and multilevel review. By using these quality control methods, their accuracy rate increased from 88 percent to 93 percent. In recent studies, [10] validated that the increased psychological empowerment and self-efficacy led to improve quality of contribution. [28] focused on quality control in terms of finding bugs and errors based on patterns and rules extracted from the tracking data of users in OSM data, and they found that certain characteristics of user trajectories were directly linked to the type of feature.
However, participant profiles are often overlooked in quality control for creating accessibility maps. In this paper, we use selective recruitment and training of participants to provide the high-quality crowdsourcing data. In this section, we present in detail our approaches for increasing the motivation for contributions from crowd participants, as well as techniques for controlling the quality of participants. Table I summarizes the motivation and quality control aspect of our application. We have two target groups of participants: individual participants (i.e. single user) and organization participants (i.e. hotels and restaurants). 
A. Boosting the motivation of participants
Motivation in non-paid crowdsourcing scenarios is challenging, as participants expect a reward for their contributions. Therefore, in order to boost the participation and to motivate the participants to contribute to our accessibility map scenario, we provide limited access to the full version of the application, which additionally provides route services. Figure 1d and 1e shows the interface of the application for the route search aspect. After a certain number of route creations is reached, this service is disabled, and in order to re-gain access to the service, we ask participants to contribute by choosing one of the following two options:
• Review existing POIs -In this option, participants can choose whether to receive tasks related to their current location, i.e. POIs nearby, which introduces the spatial crowdsourcing technique [29] , or any POIs provided by the application. The interface for assessing the existing POIs is shown in Figure 1c , and it includes visual information about parking places, slopes, obstacles, images, etc. Participants are asked to adjust any information that is not accurate, according to him/her. Later on, this information is used for the quality control aspect, in which we use techniques for maintaining the quality of the crowd participants.
• Insert new POI -This option allows participants to insert new data points, allowing them to choose either nearby locations or any point within a certain radius distance. Furthermore, users are able to search for specific addresses and places, a service which is not demonstrated by any other accessibility map applications (depicted in Figure 1a and 1b). The same interface as the reviewing aspect above is used, but with missing information, asking the participants to fill in the blank sections mentioned earlier. We emphasize the importance of having accurate information about POIs that affect traveling for tourism. Therefore, we include tourism organizations and companies in our scenario, such as hotels and restaurants. Often, information that affects disabled people, such as parking places, entries and toilettes are difficult to find on online booking platforms, so it is important to have a service that can be shared among applications. As a motivational incentive, we make use of certificates for companies and public recognition for organizations. For instance, hotels and restaurants that are willing to contribute to our application by providing information about their organization are provided with a digital certificate that 
B. Controlling the quality of crowdsourced data
Quality control remains an open challenge in data crowdsourcing. Leaving a crowdsourcing application open for contribution to all participants can threaten the correctness of the overall results. It can that spam or lazy participants provide random labels, or even users that intentionally try to disrupt the system. On the other hand, low quality results might occur due to unknowledgeable workers. Hence, mechanisms are required to maintain the quality of data obtained by crowds. In our scenario, even though the application is open to any user, we apply three well-known quality control techniques including qualification, reputation, and aggregation-based techniques. The overall process is illustrated in Figure 2 , followed by the description.
Qualification tests -Known as gold questions [30] , this is a basic method with which to disqualify lazy workers and to educate workers that lack knowledge. The test contains reasonable questions, for which answers are known in advance. In our application, at the beginning, we ask users to review a few trivial tasks about POIs, which have visual information that corresponds to the information that the user is supposed to click on in the interface. For instance, we show POIs about a store which include an image of the store that shows that it is equipped with a parking place for disabled people. If the user answers the majority of questions correctly, he is allowed to further to use the application and continue to participate. Otherwise, after three failed attempts, he is excluded from participating any further.
Reputation system -This system relies on workers performance during crowdsourcing tasks [31] . Therefore, their contribution is weighted based on their scored points. In our scenario, reputation scores are initiated from the qualification tests. These scores are further used during the aggregation process. After each aggregation iteration -depending on the outcome of the voting participants reputation scores are updated, i.e. participants with wrong answers are penalized and their score is lowered, while the scores of those who answer correctly get increased.
Aggregation techniques -These are known as voting strategies, which repeat the same crowdsourcing task and aggregate their results [32] . Majority voting (MV) is a basic method that takes as its final output the answer with highest votes. In our application, we apply Weighted Majority Voting as a combination of MV with reputation scores, i.e. participants answers are weighted with their scores. Data being inserted by the participant is saved in a temporary database table, which has all new POIs that then must undergo the quality control check. As an example, we take a POI from this table and we ask five participants to review the information; for instance, whether or not a location has a parking place for disabled people. Each participants answer is multiplied with his current reputation score, and the answer with the highest score will be chosen. This information is inserted into the final database table, and becomes the final information which will be shown on the end-user interface. An example of the aggregation of the results is depicted in Figure 3 .
Additionally, POIs data that relate to our registered participants from companies and organizations are further forwarded to them for a quality double check. If there is critical disagreement between the information provided by individual participants and organizations participants, manual checks are undertaken by the application support staff.
IV. PRELIMINARY RESULTS AND EVALUATION
The WeMap mobile application was introduced in selected cities in Switzerland. Presently, almost 900 collections were added into our database, including the POIs (point of interests) and obstacles on the street. In order to evaluate the feasibility of our approach, we conducted four focus group interviews with sixteen participants from different age ranges and backgrounds (as shown in the table II), as well as four in-depth individual interviews from four tourism experts in Fig. 3 : Aggregation phase of the participants answers four different cities in Switzerland. During the focus group interviews, we asked questions about the motivations for using this application. Most affirmed that this application was useful to get accessible information and the map-based route services can make travel easier. They expressed that they were willing to use this application, and the reasons were reflected in both intrinsic and extrinsic aspects. The main intrinsic motivations were the sense of community (e.g. to help people, social psychology), and self-efficacy (e.g. the beliefs of power to affect situations, ability to accomplish a task). The external motivations were mainly reflected in the acquisition of the full version of the application. Another important aspect highlighted by the results was related to business participants, mostly service providers, such as hotels, restaurants, and other organizations. They aim to provide quality services for people with disabilities, in addition to establishing and enhancing the brand image. We also noticed that the participants include not only wheelchair users and their families or friends, but also parents with baby strollers, for example. To evaluate the quality of the crowdsourcing, we invited four tourism experts who have strong knowledge of local facilities in order to compare the results between the qualified participants (i.e. selected skilled participants) and non-qualified participants (i.e. normal participants) through our selective quality control methodology. The samples were based on the information collected from 240 POIs (120 POIs were collected from qualified participants and 120 POIs were collected from non-qualified participants). We found that the accuracy rate of the accessibility map crowdsourcing increased 12%, from 83% to 95%. Before the interviews, the tourism experts were asked to control the quality of crowdsourcing information from three parts, which include accessibility criteria (e.g. parking for disabled people, scope, etc.), photos, and comments from participants. During the interviews, they were asked to discuss the problems of the participants. These problems can be summarized into four categories: 1) some accessibility criteria were misappropriated, such as the slope degree and the width of sidewalk; 2) service information, such as the disabled toilet availability and the parking information, is often missing; 3) the photo did not conform to the selected criteria; and 4) some accessibility information was incomplete. For example, some obstacles on the path were only temporary; however no accurate information about the duration of the obstacle was provided.
V. CONCLUSION
In this paper, we discuss how to motivate participation and improve the quality of crowdsourcing when building accessibility maps. We compare the existing methods of motivation and quality control in crowdsourcing, and explain their deficiencies. Most importantly, we present the rolebased approaches and design patterns for accessibility maps mobile applications. Our approaches focus on both individual participants and organization participants, and we explain each of them in more detail with users interfaces. To evaluate the feasibility of approaches and the usability of applications, we conducted focus group and individual interviews, respectively. The results highlight that the accuracy rate has a significant increase after applying the intervention of quality control methods. Finally, we summarize the quality issues when using an accessibility maps application. Future research should concentrate on testing our approaches to expand a more accurate evaluation and to valid in more areas. Moreover, the comparison of the accuracy rate for unpaid and paid scenarios should be also interesting to test.
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